Aeromonas spp. are ubiquitous aquatic organisms, associated with multitude of diseases in several species of animals, including fishes and humans. In the present study, water samples from two ornamental fish culture systems were analyzed for the presence of Aeromonas. Nutrient agar was used for Aeromonas isolation, and colonies (60 No) were identified through biochemical characterization. Seven clusters could be generated based on phenotypic characters, analyzed by the programme NTSYSpc, Version 2.02i, and identified as:
INTRODUCTION
Species of Aeromonas are autochthonous microflora of aquatic environments and have been considered important pathogens for cold or warm blooded animals (52) . They are regarded as important pathogens of aquatic animals, causing significant economic losses in the aquaculture industry worldwide (45) . Recent works have emphasized their emergence as primary human pathogens as well, since they have been related to a variety of local and systemic infections, even in immunologically competent hosts (31) . It has been suggested that the high prevalence of Aeromonas sp. in the 755 Sreedharan, K. et al.
Virulence potential and antibiotic susceptibility of aeromonads environment be considered a threat to public health, as infections caused by these pathogens are generally the result of ingestion of contaminated water or food (3, 24) .
The virulence of Aeromonas is complex and involves multiple virulence factors such as various hydrolytic enzymes, cytotoxic and cytotonic enterotoxins, haemolytic toxins and TTSS (31) . These virulence factors enable the bacteria to colonize, gain entry, establish, replicate, and cause damage in host tissues and to evade the host defense system and spread, eventually killing the host (73) . Another important factor is the increasing incidence of multidrug resistance amongst Aeromonas spp. worldwide (30, 41, 64) . Antibiotic-resistant bacteria present in an aquaculture setting may be transferred to humans through wound infections, following the exposure to contaminated water or fish (56) .
Because Aeromonas spp. are pathogenic to fishes and humans, their presence in culture environment is of concern (10) . Aquarium water has been suggested as the source of aeromonads resulting in gastrointestinal infection (58) . In the realm of aquaculture, aquarium fish industry constitutes a large segment of the pet animal industry (71) having global marketing network. Alike in any aquaculture practice, the intensification of the ornamental fish culture has led to the emergence of diseases and mortality with varied manifestations. In our study undertaken in this background, we could find that Aeromonas spp. were the associated bacterial flora of majority of disease outbreaks (64) . Aeromonas sp. has been identified as the aetiology of diseases in freshwater ornamental fishes with a variety of clinical signs such as fin rot/tail rot, ulceration, exophthalmia, dropsy etc. (17, 46, 64) .
Moreover, there have been several reports on zoonoses acquired following injuries from handling fish, working in aquaculture systems, or keeping fish as pets (22, 42 
MATERIALS AND METHODS

Collection of water samples
Water samples (100 mL) were collected from two ornamental fish culture systems located at Thrissur District, Kerala, India, in which gold fishes were mass reared. The samples were collected during the month of November 2007.
The water samples were collected in sterile bottles according to the Standard Methods for Examination of Water and Wastewater (7), transported in ice box and analyzed within 24
hr.
Isolation of Aeromonas
The water samples were subjected to 10-fold serial dilution in 0.5% saline, and aliquots of 200 μL samples from each dilution were spread plated onto nutrient agar (gL Colonies were randomly picked from the plates, sub-cultured in nutrient agar slants, and subjected for further characterization.
Phenotypic characterization
The isolates were examined for Kovac's cytochrome oxidase, O/129 sensitivity (Oxoid), catalase, production of hydrogen sulphide in TSI, arginine dihydrolase, lysine and ornithine decarboxylase, indole production, methyl red test, Voges-Proskauer reaction (acetoin production), citrate utilization, urease production, phenylalanine deaminase, gluconate oxidation, nitrate reduction, ONPG (β-galactosidase) production, and acid production from sugars as described by Virulence potential and antibiotic susceptibility of aeromonads Collee et al. (18) . The isolates were also tested for hydrolysis of esculin (70) , production of alkylsulfatase (32), pyrazinamidase (13) , and utilization of DL-lactate (32), malonate and acetate (21) .
The identification was accomplished following Aerokey II devised by Carnahan et al. (14) .
Clustering of the isolates were achieved by the programme NTedit, Version 1.1b (Applied Biostatics Inc), and analyzed by the programme NTSYSpc, Version 2.02i (Applied Biostatics Inc). Similarities were calculated by sequential agglomerative hierarchical nested cluster method (SAHN), and cluster analysis was performed by mean of the unweighted paired group method using arithmetic average (UPGMA).
Phenotypic expression of virulence -In vitro assays
All isolates were tested for the production of DNase (26) 
Extraction of total DNA
Cell suspension (1 mL) grown in LB medium was centrifuged at 10000g for 10 min at 4ºC, pellet resuspended in 500 µL TE buffer (10 mM Tris/HCl, 1 mM EDTA, pH 8.0), and centrifuged at 10000g for 10 min at 4ºC. The pellet was resuspended in 500 µL lysis buffer (Tris-HCl 0.05 mM, pH 8.0, EDTA 0.05 mM, NaCl, 0.1 mM, SDS 2%, PVP 0.2% and mercaptoethanol 0.1%) (40) and 10 µL Proteinase K was added and incubated initially for 1 hr at 37ºC and then for 2 hr at 55ºC. Further extraction was carried out by phenol-chloroform extraction method as described by Sambrook & Russell (57) .
PCR detection of virulent genes
The representative cultures, were subjected for PCR to detect virulent genes such as enterotoxins (act, alt and ast), The previously described primers and PCR conditions were used for the specific amplification of virulent genes.
Characteristics of primers used for the PCR amplification of virulent genes are summarized in Table 1 . The PCR products were analyzed by electrophoresis on 1% agarose gel prepared in 1X TAE buffer. The gels were stained with ethidium bromide (0.5 µgmL -1 ), visualized on a UV light transilluminator, and documented.
Antibiotic susceptibility test
Susceptibility to selected antibiotics was tested on nutrient agar plates by the disc diffusion method of Baur et al. (9) . Briefly, the nutrient agar plates were swabbed with overnight grown cultures of the isolates. Readymade antibiotic discs from HiMedia Laboratories, India, were aseptically placed on the swabbed plates. The plates were incubated at 28±1 0 C for 18 hr and the clearing zone formed around the discs recorded using
Hi Antibiotic Zone Scale (Himedia). The multiple antibiotic resistance (MAR) index (number of antibiotics to which the isolate was resistant/total number of antibiotics tested) was determined for each isolate (37) . Virulence potential and antibiotic susceptibility of aeromonads 
MOF-Marine Oxidation Fermentation; F-Fermentative; F/G-Fermentative with gas production a Following results were uniform to all; Positive Results: kovac's oxidase, catalase, indole production, nitrate reduction, oxidation of ONPG (ortho-nitrophenyl-β-D-galactopyranoside), production of pyrazinamidase and arginine dihydrolase, acid production from fructose, D-maltose, trehalose, dextrin, starch, D-galactose and D-ribose, tolerance to 0 and 3% NaCl. Negative Results: O/129 sensitivity, utilization of malonate and DL-lactate, production of urease and ornithine decarboxylase, acid production from Dsorbitol, L-rhamnose, D-melibiose, m-inositol, raffinose, D-lactose, adonitol and inulin, tolerance to 6, 8 and 10% NaCl. Virulence potential and antibiotic susceptibility of aeromonads From the Table 2 , it is apparent that the isolates formed a heterogeneous population, as they differed in the characters such as: gas production from glucose, methyl red test, Voges-Proskaur reaction, citrate and acetate utilization, gluconate oxidation, production of alkyl sulfatase and lysine decarboxylase, esculin hydrolysis, acid production from sucrose, D-mannose, glycerol, salicin, D-cellobiose and L-arabinose. Clustering of the isolates was achieved at 80% similarity based on the phenotypic characters examined, and seven clusters could be generated having a common origin (Figure 1 (54) .
The isolates were individually tested against 70 antibiotics.
The results were obtained by measuring the inhibition zones after 24 hours. The percentage of antimicrobial resistance of isolates of Aeromonas to the antibiotics is shown in Table 4 . Surprisingly, all isolates were resistant to lincosamides tested.
However, Guz and Kozinska (27) 
CONCLUSION
The data generated suggest that the ornamental fresh water fishes are always under the threat of an infection caused by
Aeromonas because, they live in an environment with a normal flora of Aeromonas equipped with at least a couple of virulent Virulence potential and antibiotic susceptibility of aeromonads genes having the capability of their expression during moments of stress. Besides, Aeromonas spp. might also pose a threat to public health especially to those who come into contact with such diseased fishes or ornamental fish culture systems, as their virulence factors including antibiotic resistance genes, could be transmitted to humans, leading to diverse local and systemic infections.
